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(1)

ETIOLOGY OF PHLEBITIS
Introduction
Phlebitis according to definition is an inflamation of a Tein.

Due to the fact that phlebitis is so

commonly found to be accompanied by the formation of
thrombi it is necessary that thrombo-phlebitis be included in this discussion.

Since phlebitis clinically

is so Tery common either as the primary condition or as
the accompanying complication, one would think that the
etiology would be well know.
ly not the case.

Such, howeTer, is decided-

In fact Tery little study of the auth-

orities on the subject is necessary to show one that the
theories of the etiology of phlebitis are almost as numerous as the authorities writing on the subject.

Running as almost a constant in all the writings
are three principal factors.

These are first, any condi-

tion wherein the rate of flow of the blood stream is diminished to any great extent, second, changes in the wafls
of the blood vessels especially of the endothelial layer,
third, certain changes which are frequently found in
certain constituents of the blood stream.

In order that we may have a basis upon which to
eTaluate any of the aboTe factors I belieTe it is fitting
to give a brief discussion here of the modern theories of
·"---'-

(2)

the mechanism of the blood clotting.

It is agreed, I

believe, in practically all theories that the end product of the clotti:ngprocess is fibrin.

The method by

which this substance is formed is the point of difference
among authorities.

The theory of Korawitz (25) is one

of those quite widely accepted •. According to him fibrin
is the product of a protein which he calls fibrinogen and
which is always in the plasma in combination with a ferment which he calls thrombin.

This thrombin is due to

the combination of thrombokinase, which is derived from
the formed elements of t·he blood or other tissues, plus
prothrombin which occurs .in the plasma.
not understood but occurs
uble salt of calcium.

o~ly

This union is

in the presence of a sol-

After the formation of the throm-

bin, calcium acts only a·s an accelerator of the clotting.
What small amounts of the thrombokinase as may ordinarily be set loose in the blood stream

ar.~

neutralized by

anti-thrombin which is also shown to be present in the
blood stream.
reversible.

The reaction of fibrinogen to fibrin is
The type of reaction is not definitely known

however it is likely that one is a bTdrosol, the other a
hydrojel.

Howell (25) explains the process somewhat differ-

-

ently.

His theory is based upon the balance between

antithrombin and prothrombin which neutralize eachother.

(3)

-

Injured cells or tissues liberate into the blood stream
a substance which he called thromboplastin or thromboplastic substance which is a lipoid identical with kephalin.

This thromboplastin neutralizes the antithrombin

which in turn frees prothrombin so forming thrombin.
The thrombin with the aid of calcium coagulates the fibrinogen: forming the clot.

Blood platelets, according to

this author have hot been shown to be definitely concerned with the process of clotting, although many authors do not agree to this.

The platelets seem to be

concerned in the formation of thrombi in that their agglutination preeedi the thrombi.

These laminae of plate-

lets catch leukocytes and liberate thromboplastic material so that the filaments of fibrin spread out to the
next laminae.

This catches red blood cells and finally

a solid clot is formed.

These red blood cells die, lose

hemoglobin and wash out so that the color changes from
red to grey.

These clots appear usually in veins or the auricular appendages.
near a valve.

If in veins, they are more likely to be

The thrombus is inelastic, friable, and

granular.

In discussing the cause of thrombi Mac Callum (25)

-

emphasizes the fact that the wall of the vein is always

(4)

injuried.

However he brings up the question,"Has the

injury occured before or after the thrombus formation"?
Eberth, Schimmelbusch and Welch say that it occurs before.

Aschoff thinks it is due to slowing of the blood

stream.

The Author(25) thinks the thrombi are due to an

inflamation which is the result of bacteria lodging at
a venous valve which area has either died or been seriously injuried.

He emphasizes injury to the endothel-

ium as being more important than the other two factors.
To prove this he cites the fact that ligating in two
places does not give a clot, but that crushing does.
As one can see the opinions vary so greatly that one

-

would hesitate to draw conclusions from these various
authors.

I simply propose to review furthur some of the

many ideas that I have found and have briefly stated above
with some additions.
-Changes in the BloodThere are many followers for each theory but let us
first consider the blood changes in the various conditions
ans see the relationship to phlebitis and to thrombo·
phlebitis.

Borchard(6) believes the condition of the blooi

to be the chief factor.of the three common causes so
often given.

In speaking of thrombosis of the saphenous

veins, which is one of the commonest sites for phlebitis,

--

he says that he feels that it is too frequently said
to be the cause of pulmonary embolism.

-·-----·~---------

Picot(28) thinks

(5)

that the coagulation phenomenon of the blood

a

pla~s

very important role in the postoperative phlebitis and
thrombosis.

For that reason the writer never operates

on a patient who does not have a normal coagulation
time.

He also maintains a normal time throughout the

postoperative period in the hospital.

He institutes

treatment if it is accelerated, that is less that 17
minutes, or if it is delayed, being over 18 minutes.
It generally requires

4 or 5 days to reduee the time

from 25 to 18 miputes.

The results which he obtained

with this routine are quite remarkable.
observed the author operated 770.

Of 1,050 cases

167 of these were for

hysterectomy and of all the cases there was only one
case: of embolism and none of clinical phlebitis.

In

295 cases of appendicitis there was but one case of
embolism and that was an old lady who was very corpulent and whose coagulation time was upto 24 minutes before treatment.

In all the other cases there was only

one case of embolism and that was in a man with appendicitis who refused to be treated preoperatively.

In

this group of patients there were some also who had had
phlebitis previously, and had shown hyper-coagulation
before the treatment to reduee the coagulation time was
instituted.

According to his statistics there was no

doubt that the cases of uterine fibroids had the highest
percentage of abnormal coagulation times.

(6)

Wildegans(37) also feels that the constituents of
the blood stream are of major importanee.

He thinks

that attemtion should be directed more in that direction
than to the factors involving disturbances in the circulation, infection, or changes in the vessel wall.

In

a study of 18 patients of which all but two were over 40
it was found that there was more water, residual nitrogen and lactic acid in the saphenous veins than in the
cubital veins.

This was especially true in the cases

of varicosities being present.

In this study it was found

however that there was no significant difference in the
calcium or the thrombin content of the blood from the
various locations in the body.

This fact would lead one

to look to the platelets for the difference in the blood
in such cases.

It has been found that after operation, childbirth,
and especially after Cesarean section the number of platelets begin to rise.

This rise starts on about the 4th

day and increases to a maximum in about 10 days.(12)
The count then falls slowly to a normal level.

As we

know it is the usual thing to consider that a lowering of
the platelet count is associated with an increase in the
clotting time, and that a high platelet count means a
decreased clotting time.

The ttme relations of clinical

thrombosis and embolism are similar to those of the plate-

(7)

let reaction.

That is they are most frequent on about

the 10th day after operation or childbirth.

Platelets show no change after simple hemorrhage,
anesthesia, or staying in be·d.

Neither is there any

constant variation in conditions of sepsis.

The plate-

let reaction is excited however by :fractures and even
merely during the convalescence from an acute lobar
pneumonia.

These facts would suggest that the products

of tissue breakdown are the causative :factors in the exciting of' the platelet reaction.

A case reported by Davies(ll) leads one to wonder
at the above.

This was a case of' septic anemia in which

the patient died.
found.

At autopsy a portal thrombosis was

The pathologist said,"

The phlebitis

and throm-

bosis have presumably spnead from the splenic pedicle along the splenic l'lein but no proof of inf'ectionwas obtained."

Here evidently there was no thrombosis of other

origin than the blood itself, since infection-was not present and there was no inju;ry.

However there usually is a

lack of platelets in this condition which should lead to
lessening of' the clotting possibilities.

Of' course there

was a large spleen that could have caused enough trauma
to the veins in that area to cause phlebitis •. Again
since there is some argument that the platelets are re-

(8)

sponsible for the clotting or have a direct relation to
the clotting, it is possible that some other changes

in

the blood took place which we do not yet understand.
And finally it is very possible that the pathologist
could have missed a low grade infection being present.
-Slowing of the Blood StreamThe slowing of the blood stream is given very frequently as an important factor in·the cause of phlebitis
and thrombophlebitis.
the pathology

It is found in practically all of

text~books

and is given by many of the

writers on the clinical aspects of the subject.

W11-

ensky(38) says,"The inflamatory process associated with

-

any infection has as one of its prominent characteristics the slowing of the blood stream and the formation
of a venous thrombus!'

Experiments have been made to show that the rate of
flow of the blood stream has nothing to do with the formation of thrombi however.(!)

It was found that in a

case where a thrombus practically occluded a vessel, if
the thrombus was not progressive, and there was room
for only one erythrocyte to get passed, the blood continued to flow without clotting or causing a phlebitis.
The experimenters concluded that the effect of slowing

-

the blood stream was not perceptible., This was true
when the blood flowed oil,ly intermittently also.

No

perivascular reaction to vascular occlusion could be

-----,··--------------------

(9)

observed in the pia.

All of this is contrary to the us-

ual teachings on the subject.

This experiment was per-

formed by Armentrout and will be referred to again in
connection with injury to the endothelium.
-InfectionInfection as an important factor in the causation
of phlebitis can hardly be denied by anyone. and in fact
will in the last analysis probably be considered the
chief factor.

Lenormant and Mondor (20) think that all

phlebitis. even that called "effort thrombosis" which it
seems could hot be due to infection, is dµe to infection.

Of all the types and varieties of phlebitis probably the commonest is pelvic thrombophlebitis which very
often follows childbirth.

Although it does not deal

strictly with the etiology of phlebitis I believe it
would be interesting to review here the the typical
course of such a case.

In the suppurative type there is

a slightly febrile puerperium in which subacute uterine
infection has been recognized.

A rigor occurs on the

10th to the 15th day, and ushers in an abrupt elevation
in the temperature, which as a rule soon falls to the
normal.

At intervals of a :few hours or days the rigor

and the high pyrexia recur, and the patient's condition
gradually becomes worse, local signs being absent or

-

insignificant; blood cultures are also almost invariably
negative. The diagnosis of suppurative pelvic thrombo-

(10)

phlebitis is clinched by the appearance of a thoracic
syndrome of dyspnea, cough and pain in the chest, due to
a septic embolus.

Death of the patient follows from

pulmonary abscess, or abscesses, or from purulent pleurisy, the result of the first or succeeding emboli.
Simple thrombophlebitis is also characterized by P71"exia,
rigors, and even pulmonary symptoms; but apyrexial intervals are absent, rigors are less intense and pulmonary
emboli, being aseptic, are dangerous only in their mechanical consequences.

Lequeux (21) states that of late

years necropsies in puerperal sepsis have shown a 20 to
50 percent incidence of pelvic thrombophlebitis, intravenous suppuration however not always being present.

Brown (7) in writing on the cause of postoperative
phlebitis said that the direct cause was not obtained.
However resections of the superficial veins showed marked inflamatory
ous tissue.

reaction~in

all the coats and contigu-

The vessels were infiltrated with polymorphs

and the thrombus was composed of ,leukocytes, fibrin, and
red blood cells.

The reaction was very intense and

suggested very strongly an inflamatory process on an infective basis.

Evidence also pointed to the infection

leading to· thrombus formation.

This same picture is

~.·

found to be present in the cases of varicose veins although here it is not so acute, being more of a latent

(11)

inf'ection.(17)

Barrett (3) performed the following experiment
to show that in addition to infection either necrosis
or toxin is necessary for the formation of thrombi.
The experiment consisted of seven parts:
1.

A vein was crushed and no thrombi:. formed.

The endothelium became thickened but it remained smooth.
2.

The vein was crushed and staphyloceoci were

introduced.
3.

Again no thrombus formed.

A sterile thread was allowed to be oscillat-

ing in the blood stream, and still no thrombus formed.
4.

A sterile thread was again allowed to oscill-

ate in the blood stream and this time with the intro-.
duct ion of either Colon bacilli or staphyloecoci a th.rombus formed.
5.

A sterile thread was put into the blood stream

and allowed to go free.

In this case the experimental

animal developed no thrombus by the end of seven weeks.
6.

A thread contaminated with Colon bacilli was

freed in the blood stream and the animal died at the end
of

3i

days of pulmonary thrombus.
7.

When this was repeated but the Tubercle bac-

illi was used instead of the Colon bacilli, no thrombus
developed at the end of seven or twelve weeks.
These experiments led the experimenter to conclude

(12)

that infection plus necrosis or a toxin are necessary
to cause thrombosis.

This would apply to tissues cut

of.f by ligatures at operation and carrying a low grade
infection, and so would explain many of the postoperative thrombophlebitis cases.
An experiment very much the same as the above
experiment was done by Sato (32).

To get the varying

degrees of wall changes aseptic autotransplantations,
homoiotransplantations, and heterotranspla.ntations of
arterial segments from one to four centimeters were
made into the femoral or the carotid arteries of dogs.
To determine the effect of infection, the suture material was contaminated with staphyloccoci in a series of
experiments with similar transplants.

The aseptic trans-

plantations and the homoiotransplantations did not lead
to thrombosis unless the narrowing of the lumen was extreme.

In the heterotransplantation experiments nec-

rosis of the transplant was associated with thrombosis,
and necrosis of the vessel was believed to be the chief
factor in causing the thrombosis.

Infection was an im-

portant accessory factor, but in the abscence of necrosis required other conditions, such as slowing of the
blood stream through a narrowed vessel, to establish
thrombosis.
Phlebitis due to Staphylocooous aureus has not

(13)

bee~

reported very frequentlt and up until 1918 there

had been no cases reported.

At that time a case:wasc-

reported (10) in a man 58 years old.

His left leg began

to swell without any previous history of rheumatism,
gout, typhoid fever, or any local septic condition.

A-

bout two weeks later the right leg also began to swell
and pain.
and tender.

The superficial veins were J:iard, swollen,
Twelve days later he also had symptoms of

mesenteric thrombosis but this cleared up in a few days.
About a week later a blood .culture was done and Staphylocccu.u11 aureus was obtained.

This was· repeated to rule

out contamination and the same results were obtained.•
When he was

g~ven

an autogenous vaad111e his temperature

which had remained up all this.time promptly came down.
He had received Colon va'C'dines previously which had had
no effect on the temperature.

A further complication

of interest is that a short time later a carbuncle developed on the sacl"Uln from whioh a positive culture for
StaphyloccoCU!laureus was obtained.

This fact together

with the results obtained with the vaccine make the etiological question pretty certain.

The causative organ-

ism must have been the StaphyloccocU!!laureus.

.Another

case of Staphyloccocus aureus phlebitis will be considere4 later.
A group of cases are reported by Chlumsky (9)

(14)

which do not have a clear cut etiology but probably are
on an

infect~ous

lebitis Yigrans.

basis.

These are cases of Chronic Ph-

They are observed in the su.'Ilmer or

autumn and the hands and feet were first attacked;
small swellingslllke the stings of gnats appearing but
causing no discomfort aside from itching.

These became

painful in the course of time and the veins in the affected region became hard.

The deeper venous trunks were

slowly affected and the whole extremity slowly became
swollen and painful.

Fever not exceeding 101 degrees

and redness of the skin were then noted.

In most of the

cases reported the condition gradually progressed and
finally resulted in the death of the patient.

Gout,

syphilis, cancer, tuberculosis, rheumatism, and bacterial infection have hever been found to cause these symptoms.

One fact stands out in bold relief.

They us•

ually begin in the season when the gnats are the most
numerous.

The cases of Herzberg, Burger and Hess were

Russian or Polish Jews and the author's material included two Jews.

A knowledge of the sanitary conditions

among such people justdties the belief that the peculiar affection just described is due to the bite of
some insects, whether gnats; bugs, lice, or fleas.
insects undoubtedly

~ake

The

wounds in the superficial veins,

and innoculate the patient with some unknown bacteria
or poison which causes inflamation of the

~enous

wall

(15)

and the subsequent more serious symptoms.
-Injury to the Vessel WallIn considering injury to the endothelium one is
always confronted with the question as to whether the
injury occured before the phlebitis or thrombosis or
whether the injury was a result of the inflamatory process.

There does seem to be very good evidence to supp-

ort the theory that simple injury to the vein can result in a thrombophlebitis.

In practically all of the

cases which seem to shuw injury to the endothelium as
the etiological factor one can not be sure that the infective process was not set up there due to the lowered
resistance.

In such an event it would be impossible

to tell just how much of the process was the result of
injury and how much was due to infection.

A good expamle of how hard it would be to evaluate the above factors is shown by a case (26) of a man
admi tte.d to the hospital with severe abdominal pain,
vomiting and so forth.

The appendix was ruled out and

he•,,,was relieved by the vomiting, and by an enema.

He

had had a similar attact about a month previously.

Be-

fore entrance he had had an attact in a dentist's office
which so closely resembled an attact of renal colic that
he was thoroughly gone over by a Urologist.
found.

Nothing was

On entrance to the hospital consultation was

(16)

held and the diagnosis of mesenterio thrombosis was made.
Operation showed the ill.eunr to be dark blue, the mesentery
. red and congested, but there was no distention.

The

discolored area extended six to seven inches up from the
i1S0>ceoal valve.

By stripping the bowel through the fin-

gers two pieees of wire were foun4 1 by
size.

Ii

inches in.

These had probably be8ll swollowed with his food

and had passed through the vasa intestinal. tenu1s.

The

patient completely recovered after the removal of the
wire.

Another cases has been reported very similar to
the one described above.(5)

Here two pieces of wire

were found also and had perforated the ileum.

The mes-

entery had closed down over the site of perforation.
The symptoms in thts case were very much the same as in
the preceding case.

Those cases seem to have been the result of the
injury to the intestinal wall by the

wi~e.

However the

abundance of infection that is present in the intestine
would certainly contaminate any wound to the intestine.
So one can never tell whether there would have been a
phlebitis and thrombosis set up had there been only the
wound to the intestine and no infection.

It seems to me

{17)

only reasonable to think that such injuries in a sterile
field wGuld not be expected to cause such an extensive
inflamatory process.

A peculiar reaction to the vascular endothelium
has been reported as due to inflamatory processes.{16)
The reaction is associated with more or less extensive
thrombosis of the veins.

It occurs in certain capillary

vessels when the surrounding tissue is undergoing a congestive process with a chronic inflamation.

The author

describes the process as,"A new and hitherto undescribed
form of productive thrombovasculitis".

The endothelial

cells grow as long and slender chains in the stationary
or fluid blood and may even dispart the blood.

The im-

prisoned red cells may become changed into a hyaline
mass with the morphologic and tinctorial appearance of
fibrin.

The most pronounced changes of this kind have

been observed in the urethral caruncles.

The observer

thinks there is a very close association between this
process and that that takes place in the so called endovasculi tis verrucosa found 1n typhoid fever, certain
colon bacilli infections, and in sepsis.

In theee pro-

cesses also hyaline thrombi arise through proliferation
of the intima and fibrinoid changes of the nucleated red
cells.

(18)

-

This process would help to explain many of the
cases of thrombosis which seem to arise simply from a
bruise.

Here there would be an inflamation of the surr-

ounding tissue but of course no infection would have been
introduced.

Still the infection vould not be ruled out

completely because the theory of the susceptibility
of the point of lowered resistance to infection would
cause one to wonder.

The above is well illustrated by the case of a man
49 years old who suffered a contus.ion of the right leg.(22)
The swelling increased and the veins became tender firm
cords.

Four months later the left leg also became swoll-

en, tender, and presented much the same symptoms.
ally thrombosis of the lower

Fin-

wall occured and

abdom~nal

also of the right internal jugular.

This was followed

by ocular palsy ani left hemiplegia.

The patient died

and at

necropsy~thramboilis

of all the veins mentioned

was found and also of the prostatic plexus.

Mural

thrombi were found in both common iliacs and in the inferior vena cava extending to the renal

~eins.

Canal-

ized thrombi were found in the right saphenous and femoral.

Organized thrombi were found in the right intern-

al jugular and extending into the brain, with hemorrhagic infarcts.

The fact that there was a negative

(19)

blood culture and that the leukocyte count was normal
favors the idea that this progressive phlebitis and
thrombosis might have been of the thrombovasculitic
nature discribed on page 17.

One is at a decided dis-

advantage when it comes to saying whether there was
ever an infection present or not.

It is quite evident

that even if an infection had been present at the begining it was quite possible for the thrombotic process
to spread and for new thrombi to be set up without the
infection remaining present.

That phlebitis and thrombosis can be caused under
aseptic conditions is of course well known.

The every-

day treatment of varicose veins shows that the intima
can be irritated sufficiently to set up those processes
to the extent that the veins will be completely obliterated.

The process is in some cases however set up

when it is decidedly not desired.

Two cases are reported

by Smithies and Oleson {34) which demonstrate this fact.
These followed the intra:venous injection of sterile solutions of the sodium salt of tetrabromphenolphthalein
according to the technique recommended by Graham and
Cole.

In one instance extensive , obliterating, trav-

eling thrombosis followed.

This spread so uninterrup-

tedly, inspite o-r treatment, as to require surgical pro-

(20)

cedure to prevent the involvement of the major venous
channels or the develppment•of emboli.

In the second

case}'early and prompt treatment proved effective and the
formation of a large clot was avoided.

Both patients

presented general physical impairment to a moderate
degree.

It is interesting to note that each was of

Northern birth and residence, but had moved in later
life to a tropical or a subtropical climate where each
had become infested with intestinal protozoa and had
developed lesions suggestive of early biliary tract mal:function.

Gants (14) reports a case which is very interesting from the standpoint of whether of not phlebitis can
occur with.out infection or chemical irritation of some
kind.

This patient was a woman 53 years old, operated

for gall-bladder disease.

On the fourth day 1000 cc.

normal saline was given into Scarpa's triangle rapidly followed by massage.

On the 15th day the patient

complained of soreness over the area of injection.
On the 17th day she began to vomit,

ha~

severe cramps

in the right calf, the entire right extremity was swollen and shewed black splotches.

The toes were cyanotic.

There was a large bluish area over Scarpa's triangle.
She complained of pain in each side of the chest and

(21)

smothering sensations and had the fear of impending death.
She died that night.

Necropsy showed edema of the lower

extremity, cellulitis over Scarpa's triangle, thrombophlebitis of the saphenous, femoral, iliacs, inferior
vena cava and also the pulmonary arteries.
edema was present with infarction.

Pulmonary

Acute and chronic

bronchitis with pleurisy was found, also a draining sinus
from the gall-bladder, early interstitial nephritis, and
fibroids.

Microscopic study of the area of cellulitis

showed loose e4ematous fibrous tissue with many infiltrated poltmorphs.

The vessels of the region were con-

gested and also cont·ained many polymorphs.

The inflam-

atory reaction was most marked about the vessels and
extending into the fatty subcutaneous tissue.

No in-

flamatory reaction was found within the vessel wall.
In discussing the case the author gave two factorstto
which he attributed the cause.

The injections were given

in the wrong piace'because of the presence of large
vessels at that point.

Also the. solution was given too

fast and there was too much massage given causing a
destruction of the veins with a slough.

In this case-'

there was no in fection introduced and the solution was
isotonio and should not have acted as a chemical irritant.

In view of those facts it seems that surely this

oase of phlebitis was the·result of trauma alone.

How-

(22)

ever the old theory of ,"Site of lowered resistance",
must again be thought of.

Here again I wish to refer

to the experiment of Barrett's (3) regarding the etiology of phlebitis and thrombosis.

His experiments led

him to believe that infection was present but that neerosis of tissUB or the presence of some form of toxin was
also very essential.

This experiment is more :fully ex-

plained earlier in this paper.

The experiment of Armentrout (1) which is also referred to above lends itself to the arg)lement for the
injury theory in the etiology of phlebitis and thrombosis.
In this experiment he studied the formation of thrombi
in a cat.

Following embolism in the cat the first thing

that was noticed was a separation of the foreign body by
a white thrombus.

This thrombus was very friable and

broke off very easily.

''

When the separation of the for-

eign body became complete the "formation :.of the thrombus
stopped.

However if the endothelium had been 1njuredJ

in any wa;r. to any degree at all progressive thrombosist:
took place.

The distinction in the amount of thrombus

formation was due of course to the liberation of thromboplastic substances at the site of the injury.

If

progressive thrombosis did.not occur the white thrombus
was simply bland and the blood continued to flow passed

(23)

it regardless of how
stream flowed.

s~all

the opening was or how slow the

All that was necessary was for one ery-

throcyte to be able to get through at a time.

The above discussion is another possible explanation for the case o:f progressive thrombosis and phlebitis that is given on page 18.

This would explain the

cases where one can see no infection present but where
there is a history o:f injury at some time.
bQplastic

substanc~

The throm-

having once been set loose by an

injury could be used as an explanation for any phlebitis or thrombosis.

The difficulty here is that with all

the injuries that one receives in the course of a life
time it seems that everyone would ultimately have a
case of progressive thrombosis.

One must suppose that

the reason for the condition in one individual and not
in the other must be the presence of an unrecognized
infection of a low grade in one, or the presence of a
variation in the clotting properties o:f that individual's
blood elements.

In any discussion of phlebitis in which one tries
to correlate injury

th~:the

vessel wall one must consider

a number of cases occuring in normal individuals.

These

conditions are of spontaneous thrombophlebi ti.s and the

(24)

origin of the disease is attributed, wrongly or rightly,
to a

traumatie~

or an effort, this effort being an un-

usual or unaccustomed one.

About 50 cases of this traum-

atic phlebitis or so-called "Effort Thrombosis" have been
recorded in the literature.

This kind of phlebitis

involves the upper extremities; the right one being
affected more frequently than the left.

The disease

occurs in other places only exceptionally.

Two cases of

thrombophlebitis of the iliac veins have been described.(20)
One case of traumatic thrombopllebitis of the superior
vena cava has been reported.

A typical case of this effort thrombosis would be
interesting at this point, and as described by Lowenstein and quoted by Swindt (35) is as follows.

"Follow-

ing slight or marked exertion, but without direet injury
to the vein, thereis a progressive swelling of the arm
with pain usually referred to the axilla.

With the in-

crease in the edema there are evidences of collateral
circulation, and cyanosis is a frequent occurance, although pallor may be present.

Palpation of the axilla

reveals a hard indurated cord sensative to pressure.
The development of these phenomena usually occur without
fever and are succeeded by a period of rapid or more
often tardy retrogression".
iology being

infectio~

He argues against the et-

due to the fact that there is no

leukoeytosis, there are no chills or fever, and the blood

(25)

culture is negative.

Therei:are various explanations for the formation
of the clot and the opinions have changed as time went on.
Hunter and Cruveilhier (35) thought that the primary
cause of the clot was the phlebitis.

Virchow stressed

the factor of the slowing of the blood stream.

Widal

and Vaquez again shifted the opinion to infection combined with inflamation of the vessel wall.

Aschoff and

Freiburg schools go back to the threefactors all in combination, that is slowing of the blood stream, changes
in the vessel wall, and finally changes in the blood
elements~themselves.

So it is easily seen that evnn

the authorities on the subject are decidedly not in accord.

The types of effort that are reported as being the
cause of the effort thrombosis,are greatly varied.
Lowenstein (24) in reviewing the literature to study
some of these variations reports many.

Willian (39)

reported three cases in which the patients were athletic,
muscular men and regularly engaged in hard work.

Sch-

epelmann' s patient (33) had been riding a wild horse,
and Lanhaussois' patient (19) fell from a horse on his
abducted.,arrfll;!t~ill.4\l!lr~.!n( 2)

-

--·-----------

writes of a patient who dev-

(26)

eioped swelling and passive congestion .of his arm apparently due to axillary thrombosis following a fall on
the shoulder.

Rosenthal (30) cited two examples, one a

woman who had been beating clothes, and one in a child
pl~ying

ball.

.Allother is reported who had become fat-

igued while writing on<·.a table for a number of hours.
The patients of Baum (4), and of Girard (15) and those
of Schwartz, Kurard, and Voasenaar (8) had been engaged
in heavy labor, but Cadenat as well as Frievez (13) reports instances in which the effort was trivial, and
indeed Pellot (27) and Routier and Potherat (8) had
patients in whom no pro-vocative trauma could be advanced,
while the patients of Ruge (31) and of Wilson (40) awoke
to find their arms swollen.

Lewis and Caen (23) give

a report of a carpenter whose edema was not traceable to
any unusual exertion.

In the discussion of this condition of effort
thrombosis Lowenstein was of the opinion that the etiology of the thrombosis produced by the exertion was on
a two fold basis.

First to be considered was the slow-

ing of the blood stream or in other words the venous
stasis.
that

This was brought about by the forced expiration

cha~acterizes

effort.

This stasis is clearly man-

ifested in the face and neck by the cyanosis of the face

(27)

and the swelling of the jugu.lars, and to a similar though
less readily demonstrable extent in the upper extremities.

Secrnnd in the consideration was the marked abduction of the arm or:the'extension or drawing backward
of the arm together with lateral rotation.

All of these

movements together produces a:, pronounced pressure by
the costocoracoid ligament which is f'urthered by the
subclavian muscle.

This pressure is all exerted on the

distended axillary vein.

This results in changes in the

vascular endothelium sufficient to cause an axillary thrombosis.

It was brought out also that if an edema is to

be justly laid to an injury or a violence of some kind
the edema should show up within a few days.

The above discussion by Lowenstein is very interesting and also quite convincing.

He did considerable

dissecting on the human body to show and prove the existence of the pressure of the costocoracoid ligament as
he has described.

Therefore one is forced to consider

seriously his writings.

At the same time two other

writers, Lenormant and Mondor. present two cases of apparently the same condition of effort thrombosis and yet
they are explained from an etiological standpoint far
differently from Lowenstein's viewpoint.

(28)

The first case was of a man 20 years of age admitted to the hospital because of an edema of the right upper extremity.

The Wassermann reaction was negative.

He was a painter but never had any signs of lead poisoning.

For the lastfew days the patient had experienced

pain•:under the right clavicle behind the pectoralis major muscle.

The pain was continuous but not very stong.

Simultaneously there was a sensation of heaviness in the
upper right extremity.

The patient attributed the signs

to heavy work performed during the past week; his arm
had been elevated practically all day long during work.
The entire right extremity was enlarged and gradually
became painful.

The temperature was normal and the gen-

eral condition excellent.

The extremity was uniformly

enlarged; the circumference of the right upper extremity
was 31 cm., and on the left side it was 23 cm.

The skin

was distended, bluish, and cyanotic; the edema was hard,
elastic, and resistant; no impressions were left after
pressure with the fingers.
not elevated.

The local temperature was

A slight collateral venous circulation

was noticeable in the deltoid region.

The pulsations

of the brachia! artery and of the radialis artery were
normal.

An indurated and painful tumifaction was present

under the peetoralis major muscle corresponding to the
course of the blood vessels.
,~

The edema was interfering

(29)

with the movements at the elbow, of the wrist, and of the
fingers.

A diagnosis of thrombosis of the axillary vein

was made.

A compressive dressing was applied and the

extremity suspended.
c~anosis

The following day the edema and the

diminished considerably.

Within a few days

both symptoms had subsided completely.

The second case was in a man 68 years old.

The

patient consulted the physician because of a tumifact1on
the size of a nut which develpped on the lower portion
of the neck on the left side.

The patient stated that

he made a wrong movement with the left arm while lifting a box on the morning of the day when the tumifaction
appeared.

The following day the tumifaeti:anilliereased

in size and became painful.
to be larger.

The entire shoulder appeared

The next day the entire arm became swoll-

en and the enlargement spread down to the hand.

The

patient complained of pronounced spontaneous pain on the
internal side of the left upper extremity radiating towards the shoulder.

A uniform swelling of the upper

extremity was present.

The skin was smooth, distended,

and slightly reddish on the internal side of the arm.
A marked "pitting" could be noticed after pressure with
the finger.

A tumifaction was present in the left supra-

clavicu_iar region.

.An indurated band corresponding to

(30)

the external jugular vein could be palpated here.

Dil-

ated collateral veins were visable infront of the clavicle and in the left portion of the thorax above the
nipple.

Basilio and cephalic veins were enlarged but

not indurated.

The palpation of the edematous region

was slightly painful.
in a normal manner.

The radialis artery was pulsating
The diagnosis of phlebitis of the

large venous trunks of the left upper extremity was
made.

According to the statement of the patient he had

undergone prostatectomy four months previously to the
present illness.

The lungs and the digestive tract were

normt:il; the blood picture gave normal figures; the coagulation time was normal; the Wassermann reaction was
negative and the temperature was 36.8°
ing and 37.8°

c.

in the morn-

An elevation of the

in the evening.

involved extremity was prescribed.
within the following few days.

c.

The edema increased

Edema was present in the

axilla corresponding to the vasculonervous axillo-humeral bundle; this indurated cord could be traced down to
the elbow.
the arm.

An incision was made in the upper portion of

A large

the incision.

amoun~

of serous fluid escaped from

The brachia! vein was as large as the

little finger; it was either greenish or bladk in varuous places; the vein was hard.

Two ligatures were placed

in the vein and the vein reseated between them.

The

(31)

skin was sutured without drainage.

Two days later the

edema diminished, particularly on the hand and fingers.
Seven days after operation the arm had a normal appearance.

A culture of a blood clot aseptically remov.:ed

during the operation revealed the presence of staphyloccoc'i: a.nd B. coli; these germs grew only slowly and
weakly.

Histological examination of the thrombosed,

vein revealed a large number of staphyloccoci in the
periphery of the vessel and in the

vas~

vasorum, as it is

usually found in the obliterating phlebitis.

Usually

an indurated cord which is painful, corresponding to the
location of the vein is noticed; the edema of the involved extremity is uniform.

The induration of the vein

may be limited to a short segment so that the diagnosis
may be difficult.

The authors do not believe that such cases deserve the name of traumatic phlebitis or "effort thrombosis".
The statements· of the traumatism are rare and disputable.

Some persons perform certain work daily and yet

they accuse a certain movement which they perform every
day for being responsible for their phlebitis.

It would

be difficult to explain how even a violeht effort e'"1
:produce a venous thrombophlebitis.

A statement that the

axillary vein may be compressed by the clavicle or by
ligaments during forced abduction of the arms disregards
anatomic findings.

The hypothesis according to which

(32)

repeated movements may aauee a chronic irritation of the
endothelium of the veins is not supported by any evidence.
(20) Some authors express the view that certain violent
efforts may tear the venules away from some of the larger
veins and that a thrombus may thus be formed, but a
very strong effort is necessary to tear a vein and such
a statement has never been verified.

It must also be

noted that nearly always the patient is able to continue
his work after the traumatism or the accused effurt;
the patient becomes disabled a few hours or even a few
da~s

afterwards.

The authors (20) conclude that a traum-

atism or an effort as such is not capable of producing
thrombophlebitis.

Probably the thrombophlebitis was in

a sta8e of development but was latent when the effort
occured; the clinical manifestations are noticed after
the traumatism but is ignored before it.

The main cause

of such thrombophlebitis is the usual cause of any phlebitis, namely infection.(20)

Probably the infection in

such cases is only slight.

The proof of the infectious

nature of thrombophlebitis can be furnished only by detection of microbes in the blood clots or in the walls
of the veins.

To the author's knowledge (20), such an

examination was made only in three cases.
the results were positive.
only infections but

In two cases

It is impossible that not

~intoxications

such as lead poison-

ing may cause thrombophlebitis, but this theory has not
been definitely proven.

(33)

As to the treatment the above authors found that
merely compressed dressings and elevation of the arm
was all that was necessary in the majority of their
patients.

It is interesting to note that none of their

patients had any symptoms related to embolism.
So again with a great deal of experimentation and
clinical inquiry one must be led to believe that probably the chief factor in the etiology of phlebitis and
thrombophlebitis is infection, with injury to.the endothelium playing an accessory role.
-contributing Factors and StatisticsWith the three factors of slowing of the blood
stream, changes in the vessel wall, and changes in the
blood itself, as the basis of the etiology

of pQstopera-

tive thrombophlebitis Walters (36) gives his views as to
the conditions which contribute to those factors.

He

says they are favored by:
1.

Rest in bed. without food which is the usual

course in the postoperative treatment for a few days.
This. favors the stas.is of the blood stream due to the
lack of exercise.
2.

Interference with the circulation by intra-

abdominal manipulation.
3.

For~y-eight

hours ·quiet of the intestine after

abdominal operation also. favoring stasis.

(34)

4.

Muscular splinting of the abdominal wall be-

cause of the painful incision.

This again would favor

stasis.
In a study of 267 cases of fatal pµlmonary embolism following 63,347 major operations during the ten
year period from 1917 to 1927 at the Mayo Clinic, Henderson
found the average incidence of fatal postoperative embolism to be 0.34%
The use of a regimen directed towards increasing
the rate of metabolism, of blood pressure, and the flow
of blood in 4,500 major operations of comparable type
during the last four and one half years has been followed
by an incidence of fatal pulmonary embolism in less than
0.09% of the cases (36).

Of the four patients in this

series who had pulmonary embolism, three were aged 70 or
more, and of those, two died from other causes.
in one and uremia in the other).

(Sepsis

The age of the third

patient was 54, and in each of the four cases there was
myocarditis at necropsy; it was marked and associated with
coronary sclerosis in three cases.

These four cases

illustrate the predisposition of patients with cardiovascular disease to the development of postoperative embolism, and emphasizes the part played by disturbances
of the blood flow in their formation.

Fatal pulmonary

embolism did not accur among patients in general good
condition when the descrih'ed regimen of prevention was
carried out.

(35)

It is interesting to note that at the University
of Nebraska Hospital from the time it opened till the
present (1917-1933) there were six deaths out of the
total of 57 cases who showed any evidence of phlebitis.
Three of these cases died of pulmonary embolism.

One

had had phlebitis for years, another developed it in
the hospital in the course of a puerperal sepsis, and
the third was complicated by a severe myocardial disease.

Of the six fatalities, two of the patients

showed cardiovascular disease, one being 38 years of
age and the other being 66 years of age.
six were of puerperal sepsis and

s~ptic

Two of the
abortion.

One

of the six entered the hospital with a fractured pelvis.
She was put in a cast and developed a thrombophlebitis
of the pelvic veins.

She died as a result of the phle-

bitis and a complicating septicemia.

The fact that she

was in a.cast would help to substantiate the argument
that favors stasis as a factor in phlebitis and embolism.

There seems to be a definite relationship between
chronic cardiovascular disease and thrombosis and embolism.

Kuhn (18) believes that this relationship is de-

vel~ping

due to the fact that intravenous injections

are used along with the many other means of intensive
life-prolonging treatment.

This would bring the inci-

dence into the older age group where the incidence of
chronic cardiovascular disease is also greater.

At the

Institute of Pathology at Freiburg, the percentage of

(36)

thrombosis increased from 11.3 to 24.5 and the percentage
of fatal embolism from 1.3 to

4.9~.

In 1927 thrombosis

was found in every fourth body examined and fatal embolism in every twentieth.

In the clinic of Bakay (29) at

Budapest during 1915 to 1927 there were 18,517 operations
performed.

During that time there were 13 deaths from

pulmonary embolism.

Eleven of those deaths occured

during the last five years of that time.

This, therefore,

also shows the presence of an increase in the incidence
of fatal pulmonary embolism.

The clinic also had a like

increase in the incidence of thrombosis which did not
terminate fatally.

Vietor (41) studied 21 cases of fatal pulmonary
embolism occuring in 12,615 operations.

Necropsies in

9 cases showed thrombosis of the femoral vein in 4 cases.
In one there was thrombosis of the common iliac and the
inferior vena cava.

In two cases a wound inspection

was all that was allowed so the femorals were not seen.
In the other two cases with complete necropsy no thrombosis could be

~ound.

The patients dying of pulmonary

embolism gave no previous history or clinical signs of
pre..:existip,g phlebitis or thrombosis, exc·ept in one case
of carcinoma of the pancreas.

Here on the 13th day

postoperative a swelling of the left leg was noted.

r

the 27th day hemiplegia developed.

Death occured on

On

(37)

the 31st day apparantly from cachexia, but necropsy
showed a large pulmonary embolus with thrombosis of the
common iliac and the enferior vena cava.
w~th

One patient

inguinal hernia complained of pain in the right

leg on the third postoperative day but no phlebitis was
shown clinically.

The patient died on the eleventh day

and. necropsy showed a thrombosis of the right femoral
vein.
Schenck (3) reported a collection of forty cases
of thrombosis with embolism.

58~

of' these followed

pelvic tumor operations. Barrett's records. show 2.2~
(thrombosis and embolism,inthe last fiyrs,inl977operations~
of 1610 laparotomies terminated wit~Schenck had eight
cases of emboli, all terminated fatally, all being pulmonary.

Of those eight cases, two were hysterectomy,

one was prostatectomy, one

w~s

gastroenterostomy, two

were gall bladders, one was ·a pus case of' appendicitis,
and the last was an infected knee joint.

He found to

be true that which a number of observers also found,
namely that the fatal cases are usually not the cases
of old thrombotic processes.
Borchard (6) in his study of the chief conditions
which seemed to be predisposing to thrombosis and embolism found myoma, prostatic disease, and carcinoma of
the gastro-intestinal tract to be prominent.
on the thyroid

wer~

Operations

seldom followed by this condition.

(38)

He also found that if infection was present the danger
of thrombosis was increased about two thirds.

Previous

infections as the Influenza or Angina Pectoris were also
factors, to be considered.

He laid much stress on the

slowing of the blood stream as the result of the patient
remaining in bed and being very quiet

postoperativel~.

His oases of carcinoma of the stomach seemed predisposed
to thrombosis and the condition was found more frequently on the right than on the left.

It seemed in his

cases also that cachexia and extreme amounts of fat
were common to those cases.

In the cases studied here at the University Hospital it was not possible to get the exact percentage of
cases in which the phlebitis was in the right or in the
left leg.

It was not always recorded.

The particular

veins involved were not always designated either in the
case histories.

Therefore these figures are not the

exact but only the nearest percentage thatcould be reached.

It is quite probable that the proportions are about

the same however.

These cases showed the percentage of

involvement to be higher on the left than on the right.
The right being

28~

and the left

In Brown's report
while

34~

were in men.

6~

36.8~.

of all cases were in women

Contrasted with ours we found

(39)

68.4'6 in women with 31.5'6 in men.
remarkable agreement
women.

a~

This certainly is a

to the incidence among men and

The age varies however.

BrOM\'.f:S series varied

from 18 to 72 years with an average of 47.1 years of
age.

OUr

series here varied from 15 to 66

with an average of 38.2 years.

OUr

~ears

of age

figu.res included all

oases af phlebitis which had been in the University Hosp! tal.

~rown:.:trs

postoperatively.

included just those that had occured
Our figu.res for only those; cases that
1

had surgical intervention showed an average of 39.5 years.
So there is still quite a discrepancy.

Of all the cases

that were in the hospital and had any kind of phlebitis,
29.8~

had some form of surgical procedure.

Brown also

had the figures as to the average weight of all the postoperative cases.

This average was 151.6 pounds.

were on the avergge 15" definitely obese.

They

He could find

no correlation between the cases with the phlebitis and
their blood pressure.

As to the conditions which seemed to be predisposing as far as the surgical procedure was concerned
84.5~

followed intra-abdominal operations, 15.5'6 foll-

owed extraperitoneal procedure.
operations were in the pelvis.

40.~
60.0~

ach, gall bladder, and the appendix.

of the awdominal

were on the stomOne followed a

(40)

mastectomy.
Here at the University Hospital the procedure
which was followed by the highest percentage of phlebitis was obstetrical.
obstetrical.

38.s,r, of all phlebitis cases were

It is also

interesti~g

to note th•t 14.o,G

of all phlebitis cases were septic abortions.

These

cases of septic abortions were included in the list
obstetrical cases.

o~

Of all the other operative procedures

that were followed by phlebitis, herniotomy ranked highest.

This operation resulted in

itis cases in the hospital.

8.7~

of all the phleb-

As stated before cardio-

vascular diseases were seen quite often in the cases
of phlebitis, being present in

8.7~

of all the phleb-

itis.
Brown found a spring and fall incidence in his
cases of phlebitis.

We foilnd the greatest incidence

in January of both the postoperative and the total phlebitis cases.

However in the study of the total cases

the incidence was raised in May, August, and October
also.

In the postoperative cases there was a very slight

elevation in the incidence in March and Dotoller::,which
would point to a confirmation of Brown's figures.

Pro-

bably if there were more cases to study this percentage
would come out more markedly.

See Figure 1.
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Figure l.
Showing seasonal incidence ot all phlebitis and also of the
postoperative phlebitis at the University of Nebraska Hospital.

(41)

Henderson (7) showed that in postoperative fatal
embolism phlebitis was present in 29 cases or in
of all the cases.
tual incidence.

11~

This is probably higher than the acIn :Brown's series of 87 cases of phleb-

itis no fatalities occured.

However pulmonary infarction

was present in 33'6 of the cases and this figure would
probably have been higher had all the chests been carefully examined.
-Summary and ConelusionsIn this paper the etiological factors of phlebitis
and thrombophlebitis have been considered, including
also the contributing or predisposing factors and some
statistics.

The material is the result of the writings of
numerous authorities on the subject and also includes
a resume of the case histories of all the phlebitis at
the University Hospital.
The commonly accepted theory of blood clotting
invmlving the formation of fibrin from fibrinogen by
the interaction of thrombin and calcium is given in
detail.
sidered.

Also some variations in this theory are con-

(42)

Three factors are stressed as causing phlebitis
or thrombophlebitis.

First, changes in the blood

elements; second, slowing of the blood stream; third,
changes in the vessel walls.
The clotting time seems to be some indication as
to the probability of a thrombophlebitis resulting in
operative cases.

Associated with this is the fact that

the platelet count seems to vary inversely with the clotting time, and in cases developing postoperative thrombophleuitis the count is highest at the onset of the phlebitis.

Slowing of the blood stream is commonly given as a
factor.
this.

However, apparently reliable experiments refute
It seems to be only accessory to some of these

other factors.
:Many cases of "effort thrombosis" or "effort phlebitis" are recorded.

Some authors think these are due to

injury to the endothelium and are aseptic.

Infection probably is the most important

fac~or

and possible may be practically a constant factor in all
phlebitis.

It was shown to be present in even the cases

of "effort thrombosis".
Contributing factors seem to be the quiet and

(43)

inactivity maintained in postoperative cases.

Fatal

pulmonary embolism is rather common in cases showing
cardiovascular disease.

Thrombosis with embolism is

found often following pelvic tumor operations and also
following severe infections or in cachectic states.
Fatal cases usually did not show clinical evidence
of phlebitis but it was generally found at necropsy.
The age incidence seems to be around forty.

However,

this varies with the observer.

At the University Hospital 38.6" of all cases of
phlebitis were obstetrical, 14'6 being septic abortions.
8.7~

were following herniotomy operations.
A Spring and Fall incidence seems to exist in the

occurance of postoperative phlebitis and thrombophlebitis.
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